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© The present invention provides ■ e ring liposome, which w^ 8 * J* 

^ (11 a method for preparing lipid powder for use in the , prep a v brane {0 rming ablil.ty to a 
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METHOD FOR PREPARING UP.D POWDER FOR USE IN PREPARING LIPOSOMES AND METHOD FOR 

PREPARING LIPOSOMES 

a 8 m6,h0d PrePari " 9 liP '' d P ° Wder ** USS h s and 

insiders P^^e^ ^7 "? - Ca ^ «*"«- ^ the 

utilize as drug delivery ^STtoSS ^Tf? f " J* 9 ' 6 ' 0 " 5 ' "^Qations have been undertaken to 
cally active substance T^^^TlT T ° r * m > h * 3thic substances such as physioiogi- 

wherein cancer ce.te la' S2 SK'l eXamP,ei m ' SSile *"™ Py haS bee " deve, °P° d 
cancer surface-specific antibody * ant,cancer ^ent-containing liposomes combined with a 

Phospholipids, etc.. in an o^c so SlZ^ 2 T^' 6 cho.esterols. acidic 

obtain a. lipid mixture, add.ng an aqueous f to ,^ — ta *^* aito 

mixture and stirring the mixture lorouslv S^SL L ? P^ 0 ^ active substance to the lipid 
solid and can not be full hydrafe when ™t h aCC ° rdin9 t0 the above method is a dense 

substance with stirring. The h£S Jco^e^mor. dl ^ S ° ,Uti ° n ° f P^^cally acitive 

mixture. Therefore, such a ^^^£,£7 d ' ffiCU,t ,ncreasin 9 »P» concentration of the lipid 
between the lipid ^^^T*-'"?* MOre specif,ca,, y- tha s P a *"9 
physiologically active substances or redu Ce 7th ' * a reduced ^ency in encapsulating the 
increases, i.e.! the tJoTEZZ?£^ VOlUm6 °' thS ' ip ° S ° meS - The l0ss of «P ids 

reduces. Further defects in th^ n H T f ° rmm9 "P osomes to the total amount of lipids used 

.eaKageofth^Sci «~. — * reduced staLy and 

substanc e e SSdS K'SJ^^oTST? T ^ ° f ^ ^ * -five 
vo.ume means £ ^i^J^^^SS^^ T U " d ^ ^ enca P-^ng 

Furthermore, the above convert ^ ''P 080 ™^ formed by one mole of lipids, 
liposomes aggravates throve Z Q T™ ™ 1' PraCt ' C6d industria »y «* mass production of 

of solvent and »^^ZS^!Z for v^ ' Se ' eCtin9 * a C ° nditi0nS for 016 disti,lati °" 

above convention* m^T2JS2^^T3SJ?ff * ^ ^.^^ cost - *. 

"pos^*?^^ N °' 7932/1985 d * = ' a ™*° d preparing 

drugscannotbeeyappedin ltosom^ COnventlonal ^hod. By this method, however, thermoiable 

Unexamined Japanese Patent Publication No 7933/1 9fi«; hi^i^o. , 
using lipids having liposome membrane form.nn Jr. f S 8 m6lh0d ,or P re P arin 9 liposomes 

polyols leads to difficulty in h<3^JST 9 7 combination with P^ols. However, the use of 
lipid .- membrane of l*o^ WhiCh are im P° rta ™ «mpon«* of the 

physiologically active substances enSp^d 6 l,P ° SOme membranes *" d P^mits leakage of 

Unexamined Japanese Patent Publication No 152531/1 QR7 riie^io^ ■ « 
comprising spray-drying into a powder a solution of Sril h f meth ° d '° r preparin9 "P 080 ™* 

spray drier and mixing the powder with a n in °T ' ,pds . hav,n 9 h P°*°™ membrane forming ability with a 
since this powder is fike.y to ago ulL i, °' P h y sio,oaica "y substances. However, 

liposomes prepared by ^ta^SrS^!; * ^ t0 hydrate - Therefore - » e 

substances. This method further XZSZZ^^ ^ * ****** active 

"Po^r^ng^S J* 5272 ^ 987 di — 8 a me^od for preparing 

having liposome membrane torn L !l •>> SUbs ' ance ' which comprises freeze-drying a solution of liposomes 
ing the phys.oligical.y active substance into a powder and dissolv- 

consuming to dis . the so.ven^ ^r^^Z^^ * - * *- 

agueotfSron^ph;^^^ 7f 0d J ^ «** comprises adding an 

forming ability, preparing liposomes SZ^^ , r Ut '° n ° f ' ipidS h2Vin9 liposome membrane 

method has tA;p,obe.m ? Z°ns ^ 3nd dist, " in9 the solven1 " However - this 

tends to give JUy to TpharmacS oreoi^ Tr** °* ^ ™ ^ M ^ so,vent 

membrane pnormaceut.cal prep c rat.on of kposomes or to inhibit the formation of liposome 
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amphipathic substance entrapped. a method for preparing liposomes of high quality 

The present invention provides preparing liposome, which comprises supplying 

(1) a method for preparing lipid powder for use ^ the ,prepa a £ membran e forming ability to a 

(2) . methC tor prwrlng »r— coming <W»*g »» M- P°«« *» - — 
method (1) Into an aqueous solvent. h «riration ability and can be easily hydrated within 

20 The inventors found that lipid powder Is excellent in hyd «onj nTSbtained by supplying at a constant 
a short period of time even on an Industrial scale, when ^^*"f3na ability to a tubular heater 
Jpeed an organic solvent solution of W**™* ^Z^T^lTZore substantially of solids 
heated externally, evaporating the organ.c solvent m the heater tc > prep ^ ^ ^ more 

and organic solvent vapor and introducing dry 4 solids. The inventors further 

ss than 300 mm Hg to volatilize the ^^Z^TS^Sd^ml high fat-soluble or amphipathic 
found that the liposomes prepared by 

substances-encapsulating efficiency and large •""^^^J D0Ssible t0 prepare a large amount of 
of the active substances, and ^.^'^^^^^ ^ as materia ' S - 

as shown in Fig. 1. . liposome membranes Is prepared, for 

First, an organic solvent of hp.ds having the ^ dissolving said Hpids in an organic 

example, by placing the lipids and organ.c solvent ir lipid tanK vu an 
3S solvents. This operation may be done, if required ' used conve ntional one used for 
AS the lipid having the liposome "f^^^^^^S^ Qlye0 ^ cholesterols. etc. Exam- 
preparation of liposomes, *^ ZuT^ lecithin' and yolk lecithin; synthetic 
pies of phospholipids are natural phospholipids such as soy ph atidylcholine, distearoyl- 
phospholipids such as h dim Vnstoyph^ 
40 phosphatidylcholine, dioleylphosphatidylchollme, phosp ha .ayi »™ * n y droge nerated lecithin; 
omyelin and phosphatidy.inositol; Mrogenerated "^J^^,^^ "g^*, cholestery. 
etc. Examples of glycolipids are palmityl 9 £ de ; tc . Examples of cholesterols are 
maltoside. cholesteryl glycoside, gangl.os.de GM„ GM 2 G W . s» £ campester ol. etc. 
cholesterol, cholesterol acetate, ^cholesterol ph^ encapsulating volume of 

- , ip0 s^^^ y0 ' k ,9Cithin " 

or more 

Holds is preferable. Such combinations are not specifically limited, ,anc K . 0 001 . 0 . 5 : 0.01-1 
50 l,P,d DipaLitoy.phosphatidy.choline: dipa.mitoylphosph^ ^ , ecithjn ; 

(molar ratio), hydrogenerated yolk lecithin : ^sterol = 1 _ 0-01 ^ y g = ^ . Q QQ ^ Q g 

cholesterol = 1 : 0.01-1. yolk phosphatidylcholine • ^^™ d d y , 9 c ^ le8ter0 | = 1 : 0.001-0.5 0.01-1. 
: 0.01-1, dimyristoylphosphatldylcholine : d.minstoylphophatldlc acio 
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and like combinations. m .. 9tifln with a c harge-bearing substance, fusion among 

When the above lipids are used in c ombinafon with a c ^ d * Exarnples of such charge- 
Hposomes or leakage of the entrapped « ScfT^atWc acid' phosphatidyls 

bearing substances are charge-bearing Phosphohpl* «*JJ^ patmittc acid and stearic acid; and 
phosphatidylglycerol and cardiolipin; fatty acids such as mynstic acid, pai 
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potassium and sodium salts thereof. 

Organic solvents are not limited specifically so far as lipids are soluble in the solvent. Typical examples 
are hydrocarbons such as pentane. hexane, heptane and cyclohexane; halogenated hydrocarbons such as 
methylene chloride and chloroform; aromatic .hydrocarbons such as benzene and toluene, lower alcohols 
such as methanol and ethanol; esters such as methyl acetate and ethyl acetate. Such organic solvents may 
be used alone or In combination with one another. The amount of organic solvent is not limited and may be 
selected, within a wide range according to the solubility of lipid in the organic solvent. In view of the use on 
an industnal scale, the organic solvent is used usually in an amount of about 1 to about 100 parts by weight 
per part by weight of the lipid to be used, and preferably about 5 to 50 parts by weight. 

The lipid solution in lipid tank (1). which may be previously heated by a preheater (not shown in the 
drawing) if required; is supplied to tubular heater (2) at a constant rate. The method of supply is not 
specifically l.mited. so far as the solution is supplied at a constant rate, for example, using a pump or the 
like. The rate of supplying can be selected within a wide range, and is usually about 1 to about 100 liters/hr 
preferably about 5 to about 50 liters/hr. Tubular heater (2) can be externally heated by steam heating, warm 
water heating . electric heating, etc. Such heating causes overheating and evaporating of the organic 
solvent in tubular heater (2), and then the lipid solution becomes a mixture of overheated vapor and lipids 
(hereinafter referred to as "solids"). At this time, a small amount of the organic solvent remains in the 
solids. The heating temperature is not limited specifically so far as it is higher than the boiling point of the 
organic solvent to be used. This temperature is usually higher than the boiling point of organic solvent by 
20 about 5 to about 100 C. and preferably by about 5 to about 50* C. 

By introducing the mixture of overheated vapor and solids from the outlet of tubular heater (2) into 
vacuum chamber (3) of reduced pressure, the organic solvent slightly remaining in the solids is evaporated 
momentarily, and therefore the organic solvent does not substantially reamin in the resulting solids 

The pressure in vacuum chamber (3) is generally not more than about 300 mm Hg. preferably about 5 
to about 300 mm Hg and more preferably about 5 to about 100 mm Hg. The mixture of overheated vapor 
and solids Is introduced into the vacuum chamber usually at a speed of 0.1 times the sound speed 
preferably at not more than 100 m/sec and more preferably at a speed of over the sound speed. If the 
pressure in the vacuum chamber is less than 300 mm Hg, tubular heater (2) will be clogged up an 
increased amount of organic solvent will remain In the powder, or the large particles will be formed to 
reduce the hydration ability of powder, or the loss of materials will be greater! Vacuum pump (7) may be 
connected to vacuum chamber (3) via, for example, condenser (4) in order to evacuate chamber (3) 
Ml ™ e f ° ve vacuum dried solids are recovered in vessel (6) placed in the lower part of vacuum chamber 
(3). The lipid powder for preparing liposomes of the present invention can be thus obtained. The particle 
size of the powder is generally about .100 to about. 2000 urn. The powder- obtained may be ground to a 
smaller particle size. The vapor obtained by volatilization of the organic solvent is liquefied in condenser (4) 
and the liquid is stored in recovery tank (5) to recover the organic solvent. 
*r.Jl*J„ Pr6S ! nt invention ma y em P'°y. for example, a Instantaneous vacuum drying system (trademark 
CRUX . product of Orient Chemical lnd., Ltd.. Japan) as a device for instataneous vacuum drying of a lipid 
solution as shown in Figure 1. Since it takes very short time, about 30 seconds to about 2 minutes, to heat 
40 matenals in the above system, thermolable lipids can be used. 

Liposomes can be easily prepared by mixing the present lipid powder with an aqueous solvent. If the 
present lipid powder and the desired fat-soluble or amphipathlc substances are mixed with an aqueous 
solvent, liposomes can be prepared which contain fat-soluble or amphipathic substances entrapped therein. 
Such aqueous solvents to be mixed with the lipid powder are not specifically limited, and include aqueous 
<s solutions of inorganic salts such as sodium chloride and potassium chloride, aqueous solutions of sugars 
such as glucose, maltose, sucrose and trehalose, distilled water, etc. Fat-soluble or amphipathic substances 
are not specifically limited. The amount of the lipid powder is not specifically limited, but is generally about 
0.1 to about 30 wt. % . preferably about 0.1 to about 10 wt. %. based on the total amount of the powder 
and the aqueous solvent. Mixing may be done with a conventional agitator. Conventional osmoregulators 
so such as glucose and sodium chloride may be added if required, on mixing. 

The present inventors also found that, when liposomes are prepared using the lipid powder produced 
by dissolving fat-soluble or amphipathic substances in an organic solvent solution of lipids having liposome 
membrane forming ability and vacuum drying in the same manner as above, substantially all the fat-soluble 
or amphipathic substances used are efficiently entrapped in the liposomes. 
55 The fat-soluble or amphipathic substances include physiologically active substances such as drugs, 
proteins, enzymes, hormones, vitamines and extracts of animals or plants, labeling substances such as 
■ fluorescent substances, radioactive substances, labeled compounds and colors etc. The amount of the 
physiologically active substances to be added to the above organic solvent is not specifically limited 



25 



30 



35 



4 



EP 0 357 005 A1 



The present Invention will be described in more detail with reference to the following examples and 
comparative examples. 



Example 1 
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distilled off by instantaneous vacuum drying using CRUX system. _ ,ip OSOmes were 

In order to evaluate the liposome membrane forming ability of the white fine powaer. uposo 

prepared by the following method. uac „, rf g5 m i Q f an aqueous solution 

One qram of the powder was placed into an appropriate glass vessel, and 95 ml or ar ' 

37' C In an aqueous solution of 0.15M NaCI. Subsequently, by determining the fluorescence intensity 
the supernatant obtained, leakage of the CF entrapped was monitered with time. 
The rate of leakage (%) was calculated from the following equation: 

A — B 

Rate of leakage = 8>0 _ B 

40 A: Fluorescence intensity determined 

B: TZ*rjV2n%T^ fluorescence intensity determined when -J^^J^J 
destroyed by adding 10% Triton X-100 (product of Pierce Co.) to the spec.men mcubated. The result 
shown in Table 1 below. 
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. Comparative Example 1 



- The same components as In Example 1 were ^^™^ZZZT£™^™ 
amounts used in Example 1. The components were dissolve c " °0ml °< ^lo rof onm and 
distilled off using a rotary evaporator. The resulting product was allowed to stand unde rmn ^ P 
fmm Hg for three hours to evaporate chloroform thoroughly. ™J^^X^ ™**' The 
When the residue was treated in the same manner as In Examp el the w«fl ht loss w 

55 residue was placed into a glass vessel, and 95 ml of a" aqueous solution of 0.15 NaCI and 5 

aqueous solution of 200 mM CF were added thereto, Allowed by sit ™9 a ^°°°° J™ ™ further slirred 
minutes with a homogenizer. Solid substances still remained at th.s tame, so the m.xture was 
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for 15 minutes to give a homogeneous suspension of liposomes. 

The encapsulating efficiency and encapsulating volume of the liposomes obtained were 18% and 1 3 
liters/mole, respectively. The leakage rate (%) of liposomes was calculated according to Example 1 The 
result is shown in Table 1 . 

Table 1 



Time 
(hour) 


Example 1 


Comparative Example 1 - 




Fluorescence 
intensity 


Leakage 
rate 


Fluorescence 
intensity 


Leakage 
rate 


0 
1 
2 
6 
24 
48 


0.01 
0.024 
0.040 
0.056 
0.056 
. 0.056 


0 

0.3 
0.5 
0.7 
0.7 
0.7 


0.01 

0.048 

0.080 

0.184 

0.368 

0.464 


0 

0.6 | 
1 

2.3 ! 

4.6 

5.8 



Table 1 reveales that the present liposomes are much more excellent than those obtained by the 
conventional method in encapsulating efficiency, encapsulating volume and stability. Since satisfactory 
results were obtained in Example 1 in spite of large amounts of the materials, the present method proved to 
be applicable to mass production of liposomes. 

Comparative Example 2 

The same components as in Example 1 were used except that their amounts were 1/-100 times as large 
as those in Example. 1. The components were dissolved in 100 ml of chloroform, and the solution was dried 
using a spray drier (EYELA SD-1, product of Tokyo Rika Klkai Ltd., Japan) under the conditions of an air 
pressure of 1 .0 kg/cm*, a flow rate of about 9 g/mim, a chamber inlet temperature of 65* C and a chamber 
outlet temperature of 50 C. A 5.9 g quantity of white powder was obtained with a recovery rate of lipids of 
60 The weight loss on drying of this powder was 1 .3%. 

In order to evaluate the liposome forming ability of the powder. 95 ml of aqueous NaCI (0.15 M) and 2 
ml of aqueous CF (200 mM) were added to 1 g of the powder to give an adjusted lipid concentration of 165 
mM. The liposome suspension was prepared in the same manner as in Example 1. The encapsulating 
efficiency and encapsulating volume were 20% and 0.6 liter/mole, respectively. The leakage rate was 3% 
after 48 hours. 



Example 2 



A 600 g quantity of dimyristoylphosphatidylcholine, 200 g of cholesterol and 60 g of dimyristoyl- 
phophatidyl glycerol were dissolved in 9 liters of benzene. The following operation was conducted in the 
same manner as in Example 1 except that the temperature of heat exchanger was 80* C (the mixture of 
benzen vapor and lipids flowed at a speed of over 0.1 times the sound speed from the tubular heater to the 
vacuum chamber), affording 810.1 g of white powder (recovery rate of lipids: 94.2%, weight loss on drying: 
not more than 0.1 %). 7 3 

In order to evaluate the liposome forming ability of the powder, the powder was treated in the same 
manner as in Example 1 to give a liposome suspension. The encapsulating efficiency and encapsulating 
volume of the liposomes were 33% and 2.1 fiters/mole, respectively. The leakage rate (%) was calculated 
according to Example 1 , and the result is shown in Table 2. 
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Comparative Example 3 
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. ;„ Pvom ni« p were dissolved in 80 ml of benzene with the proviso that their 
The same components as in Exam pie we e ™J d in ^ Won WES dried using a spr ay drier 

amounts were 1/100 *™*»«^ ^5^nd^condW^ of an air pressure of 1.0 

(EYELA SD-1. product of Tokyo Rika Kikai Ltd., Ja P^ , 7g . Q and a cha mber outlet 

C for 17 minutes using a homogenrzer to grve a l^osome jusp* resp e Cti vely. The stability of 

Table 2 



20 



25 



30 



Time 


Example 2 


Comparative Example 2 


(hour) 










Fluorescence 
intensity 


Leakage 
rate 


Fluorescence 
intensity 


Leakage 
rate 


0 

1 

2 

6 
24 • 
48 


0.032 
0.048 
0.064 
0.056 
0.064 


0 

0.4 
0.6 
0.8 
' 0.7 
0.8 


0.056 
0.096 
0.160 
0.320 
0.488 


0.01 

0.7 

1.2 

2.0 

4.0 

6.1 



Table 2 reveais that the present liposomes are much more except than those obtained by the 
conventions method in encapsuiating efficiency, encapsulating volume and stability. 
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The lipid powder was prepared in the same manner £ Jn I ^ * ^J^gSp^^ 
dimyristoylphosphatidylcholine, 2.9 g (750 mM) of a ^^^^\^^ a Z 0 1 times the sound 
glycerol were used (the mixture of benzen vapor and lipids «° w f * * ^ e d ° T 

^sed from the tubular heater Into the ^^^iJS^rJju^u. glucose (0.3 M) and 
In order to evaluate the liposome forming ability of th> powder a m. q a jQn of 

1.1 ml of aqueous CF (200 mM) were added to 3 g o the P^^^^^^le 2 T he encapsulating 
495 mM. The liposome solution was prepared in the same manner as in , t P respectively, 
efficiency and encapsulating volume of the l.posomes obtained were 55 /. ana 
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Comparative Example 4 

To 3 g of the powder used for preparation of liposomes. 19 ml of aqueous lucose (03 M) . and 11 iml loi ' 
aqueous CF (SOo'mM) were added to give an adjust ^^^J^^ efficiency and 



Example 4 
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A 600 g quantity of completely hydrogenerated soybean lecithin, 300 g of cholesterol and 300 g of 
vitamin E acetate (tocopherol acetate) were dissolved in 10 liters of chloroform. The solution was subjected 
to vacuum drying in the same manner as in Example 1, affoding powder. 

One gram of this powder was placed in a glass vessel, and thereto was added 9 ml of an aqueous 
solution of 0.15 M NaCI. The mixture was stirred at 10000 rpm at 45* C for 20 minutes using a 
hornogenizer, giving a homogeneous liposome suspension. 

The suspension was separated into a layer of liposomes and a layer of substances other than 
liposomes. The latter layer did not contain vitamin E acetate. All the vitamin E acetate seemed to be 
entrapped in the liposomes. 

Claims ' 

1 . A method for preparing a lipid powder for use in preparing liposomes which comprises supplying at a 
constant speed an organic solvent solution of lipids having liposome membrane forming ability to a tubular 
heater heated externally, evaporating the organic solvent in the heater to prepare a mixture substantially of 
solids and organic solvent vapor, and introducing this mixture at a high speed into a vacuum chamber of 
not more than 300 mm Hg, to volatilize the organic solvent instantaneously and dry the solids. 

2. A method according to claim 1 in which a fat-soluble or amphipathic substance is dissolved in an 
organic solvent of lipids having liposome membrane forming ability. - . 

3. A method according to claim 1 or 2 in which the temperature, on heating the organic solvent of lipids 
having liposome membrane forming ability, is higher than the boiling point of said organic solvent. 

4. A method according to claim 3 in which the heating temperature is higher than the boiling point of 
the organic solvent by 5 to 100* C. 

5. A method according to any one or claims 1 to 4 in which the mixture of solids and vapor is 
introduced into the vacuum chamber at a speed of over 0.1 times the sound speed. 

6. A method according to claim 5 in which the mixture of solids and vapor. is introduced into the 
vacuum chamber at a speed of not less than 100 m/sec. 

7. A method according to claim 5 in which the mixture of solids and vapor is introduced ioto the 
vacuum chamber at a higher speed than the sound speed. 

8. A method according to any one of claims 1 to 7 in which the pressure in the vacuum chamber is 5 to 
300 mm Hg, preferably 5 to 100 mm Hg. 

9. A method according to claims 1 to 8 in which the resulting powder used for preparation of liposomes 
is 100 to 2000 am in sjze. . 

10. A method for preparing liposomes comprising dispersing into an aqueous solvent the lipid powder 
obtained in accordance with any one of claims 1 to 9. 

11. A method according to claim 10 comprising dispersing the lipid powder and a desired fat-soluble or 
amphipathic substance simultaneously in an aqueous solvent. 

12. A method according to claim 10 or 11 in which the aqueous solvent is an aqueous solution of 
inorganic salts, an aqueous solution of sugar or water. 
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FIG. 1 
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